Abstract: Acute myocardial ischemia was induced by occluding the LAD in Clawn miniature pigs. Eight pigs (group 1) were subjected to 6 h ischemia and nine pigs (group 2) were subjected to 20 min ischemia, followed by reperfusion for 340 min. Three animals of the group 1 died due to ventricular fibrillation after occlusion and in group 2, four animals died due to the arrhythmia after reperfusion. Though the ischemic area of group 2 (15.6% of the ventricle) was narrower than that of group 1 (21.7%), the survival rate was lower. We supposed that ischemia-reperfusion injuries were strongly connected with the hemodynamics of group 2. Clawn miniature pigs are useful experimental animals for myocardial ischemic researches. Key words: ischemic area, myocardial ischemia, reperfusion injury Seventeen adult male Clawn miniature pigs weighing 20 kg to 40 kg were used. After one week of acclimatization, pigs were anesthetized with an intramuscular injection (ketamine 15 mg/kg, xylazine 10 mg/kg and atropine 0.1 mg/kg) and were ventilated mechanically under 100% oxygen gas mixed with 1-2% halothane. After midsternal thoracotomy, myocardial ischemia was induced by surgical occlusion of the left coronary artery (left anterior descending artery: LAD) with an occluder. The occlusion sites were distal from the divergent point of the second ventricular branch in all cases.
Seventeen adult male Clawn miniature pigs weighing 20 kg to 40 kg were used. After one week of acclimatization, pigs were anesthetized with an intramuscular injection (ketamine 15 mg/kg, xylazine 10 mg/kg and atropine 0.1 mg/kg) and were ventilated mechanically under 100% oxygen gas mixed with 1-2% halothane. After midsternal thoracotomy, myocardial ischemia was induced by surgical occlusion of the left coronary artery (left anterior descending artery: LAD) with an occluder. The occlusion sites were distal from the divergent point of the second ventricular branch in all cases.
The seventeen miniature pigs were divided into two groups. Eight pigs, group 1, were subjected to 6 h myocardial ischemia and another 9 pigs, the group 2, In myocardial ischemic studies, there have been many reports examining the effect of pharmacotherapy in myocardial ischemia-reperfusion injury [1, 4, 7, 8, 14] , however, there has been no basic and comparative study on the hemodynamic effects of myocardial ischemia and reperfusion using miniature pigs. The aim of the present study was to clarify the hemodynamics effects of continuous ischemia, ischemia-reperfusion and the relation between ischemic area and mortality using the myocardial ischemic model of the Clawn (the name is derived from the initials of the Central Laboratory of White Nipai) miniature pig.
The present study was approved by the Animal Experimentation Committee, Faculty of Medicine, Kagoshima University.
were subjected to 20 min myocardial ischemia, followed by reperfusion for 340 min. Vasopressors were not administered, except anti-arrhythmic drugs (Xylocaine), throughout the experiment. Aortic pressure (AP), left ventricular pressure (LVP), cardiac output (CO), pulmonary arterial pressure (PAP), and pulmonary capillary wedge pressure (PCWP) were monitored. A 7-Frenchsized, Swan Ganz catheter was introduced into the pulmonary arterial trunk via the left jugular vein to measure CO, PAP and PCWP. Other catheters were placed into the left ventricle and aorta for monitoring LVP and AP respectively. The parameters were measured at 30 min, 1, 2, 3, 4, 5 and 6 h after the LAD occlusion. CO was expressed as CI (cardiac index: CO/BW). After 6 h observation, 20 ml of 0.5% methylene blue solution was injected through a catheter placed in the left ventricle to stain the myocardial normal zone in the LAD occluded state in both groups. The ischemic areas of the ventricle were excised and were calculated as a percentage of the ventricular mass. All values are expressed as the mean ± SD and statistical analysis was performed by factorial ANOVA between the groups (Stat View-J 4.02, Abacus Concepts, Inc). Significance was assumed at P<0.05.
In pigs of both groups, arrhythmias (ventricular tachycardia and ventricular bigeminy) were observed after LAD occlusion. Three of 8 animals in group 1 died of ventricular fibrillation within 20 min after occlusion, and 4 of 9 animals in group 2 died due to arrhythmia after more than 30 min of reperfusion.
Aortic pressure (AP): Just after occlusion of the LAD, AP temporarily decreased in both groups. In group 1, AP recovered a little at 30 min after occlusion but slightly diminished with time but there was no significant difference compared with the control values respectively. However in group 2, AP decreased gradually with time despite blood reperfusion, and significant differences from the control value were recognized for the last 4 h of the observation ( Fig. 1-a) . Cardiac index (CI): CI decreased in both groups after the LAD occlusion, but in group 1, CI recovered gradually and maintained approximate 80% of control values for the remaining period. The values at 4, 5 and 6 h postocclusion were significantly lower than the control. Despite reperfusion in group 2, CI decreased continuously degraded significantly in the last five hours of the observation (Fig. 1-b) . Pulmonary arterial pressure (PAP): PAP mildly climbed after the LAD occlusion and the PAP's postocclusive curve indicated a bipeak pattern but no significant difference was recognized in either group. Positive first derivative of pressure over time (LVdp/dt): LVdp/dt decreased in both groups after the LAD occlusion, but the values slightly ascended from one hour to three hours before gradually falling again in the last three hours of the observation. In group 1, a significant reduction in LVdp/dt was only observed at the end of the ischemic time, but in group 2, the LVdp/dt values at 1, 5 and 6 h were significantly lower than the control value and there was a significant difference between the two groups at 3 h post occlu- Changes of the cardiac index in the two groups. c: Changes of the LV dp/dt in the two groups ( : p<0.05 versus control value of the group 1, : p<0.05 versus control value of the group 2, ♠: P<0.05 between the two groups).
sion ( Fig. 1-c) . Pulmonary capillary wedge pressure (PCWP): There was no significant change between the values in both groups. Ischemic areas and mortality:
The mean ischemic area of group 1 was 21.7% of the ventricle. Three pigs with ischemic areas over 24% died of arrhythmia (ventricular fibrillation) within 20 min after the LAD occlusion. The survival rate was 62.5% in group 1. The mean ischemic area of group 2 was narrow (15.6%) compared with group 1, and the hemodynamics were degraded seriously after reperfusion. Four of 9 pigs died of ventricular fibrillation after reperfusion (survival rate: 55%). In mortality cases of group 2, the mean ischemic area (16.3%) was narrower than that of group 1 (24.3%) ( Table 1) . Despite the six-hour ischemia in group 1, the hemodynamics (AP, CI and LVdp/dt) were relatively more stable than those of group 2. From the results that unstable hemodynamics and high mortality were observed in the group 2, we supposed that ischemia-reperfusion injuries were strongly connected with the hemodynamics. Mrak [9] reported that uncontrolled reperfusion, which caused hyperemic flow during reperfusion of ischemic myocardium, is partly responsible for the phenomenon of reperfusion injury. We speculated that the ischemic-reperfusion damage was severe because the pigs of group 2 received uncontrolled reperfusion. Ischemia-reperfusion injuries, which are generated by anaerobic metabolites during ischemia and an influx of calcium ion [2, 5] , and oxygen-derived free radicals [12, 13] after reperfusion play crucial roles in mediating circulatory damage which may be transient but serious. Causes of myocardial contractile depression are thought to be as follows: 1) excessive influx of calcium into the cardiocyte destroys membrane structures and α actinin; and 2) oxygen-derived free radicals do direct damage to contractile protein of the cardiocyte. The results of group 2 demonstrate that ischemia-reperfusion injury invariably occurs even if the myocardial ischemia is brief, and that the circulatory damage is serious.
Our data indicate that, in myocardial ischemic studies accompanied with ischemia-reperfusion, researchers have to heed circulatory damage and life-threatening ventricular arrhythmia after reperfusion and need to apply intensive circulatory care in the early stage of the reperfusion. The myocardial ischemia, in the present study, was induced by occlusion of the left coronary artery, but in occlusion of the right coronary artery, blood flow of the posterior descending artery would stop [11] . Thus, researchers might have to give special consideration to the left ventricular functions as well as right ventricular failure. As for the change of ischemic area with time, species differences exist in experimental animals and the differences depend on their coronary arterial collateral vessels. In dogs [10, 14] which have well-developed coronary collateral vessels, the ischemic area decreases with time after the coronary arterial occlusion, but in miniature pigs, which have undeveloped coronary collateral vessels as well as human beings, the areas don't change [11] . The anatomical coronary arterial distribution of the miniature pig is morphologically similar to that of humans but it differs from that of the rabbits [3] which have a degenerating right coronary artery, and dogs [6, 10] which have circumflex arterial dominance. From the viewpoint of similarities to human beings, miniature pigs are very precious experimental animals. The data from the present study would be useful worthwhile basic data in research ton myocardial ischemia in miniature pigs. 
